2.

MATERIALS AND METHODS
146
2.1
Sample selection 147 Zircon grains were separated from 15 drill core rock samples: 13 from the QMD 
Zircon separation
154
Although some zircons were observed in polished thin sections, there were too few ablation data. Zircon standard ST100 was also analysed by EPMA to test the calibration.
175
Measured values of Si (mean = 15.2 ± 0.2 wt.%, 1σ, n = 5) were between -0.19 and +1.5 % of 176 the certified value for this standard. 
Laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS)
178
All zircon trace element analyses were conducted using an Agilent 7500cs quadrupole analysed for the following isotope masses: 49 Ti, 89 Y, 93 Nb, 139 La, spectroscopy (Trail et al., 2015) . However, it is theoretically possible to estimate zircon 
RESULTS
260
Petrography
Zircon grains analysed in this study ranged in size from >30 µm to <500 µm.
262
Although smaller grains were observed, these grains were not sufficiently large to analyse by by a dissolution boundary that truncates the zoning of the core (Fig. 4) with distinct cores and rims, they are ubiquitously observed in the overgrowth rims (Fig. 4) .
270
Titanite may be found in the cores of zircons which display oscillatory zoning, although these 
Trace element geochemistry
279
In this section, the chemistry of zircons from Oyu Tolgoi are compared to zircons 280 from typical granitic rocks derived from the literature (see supplementary online material).
281
Zircons from QMD samples can be broadly divided into two chemically distinct groups, the high-Ta group so the distinction is primarily a feature of the ore-associated QMD. or HREE (Fig. 1 a) . Ta and Nb are both strongly compatible in titanite and Ta is more were generated by our model after just 0.34 % titanite crystallisation. Chondrite-normalised 385 REE patterns produced by our models also show a striking similarity to Oyu Tolgoi zircons,
386
reproducing the median REE patterns of the low-Ta group after ~0.2% crystallisation of a 387 100% titanite fractionation assemblage (i.e. F = 0.998; Fig. 7 a) . The model is largely 388 insensitive to starting composition due to the large K D values (Fig. A.2 ).
389
The competing effects of titanite vs. plagioclase crystallisation on Eu anomalies were 390 also modelled, using a hypothetical starting composition with a Eu/Eu* value of 1. According 391 to this model, the ratio of plagioclase to titanite that would need to crystallise in order to 392 maintain a neutral Eu anomaly is 99.69:0.31 plagioclase:titanite (Fig. 7 c) . 
453
The fact that we do not observe any clear variation of Ce/Ce* with any proxy for titanite 454 fractionation supports this notion (Fig. A.3 
